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Abstract of JP 2001026890 (A) 

PROBLEM TO BE SOLVED: To obtain a corrosion 
preventive agent for a washing liquid which does not 
have corrosion resistance to tungsten and is 
optimum for metal washing by including >=1 kind of 
the compounds selected from triazoles, polyethylene 
imine and polyamine sulfone into this agent. 
SOLUTION: This corrosion preventive agent for 
metals includes the compounds selected from the 
triazoles containing one amino group or thiol group, 
the polyethylene imine and the polyamine sulfone 
expressed by the formula (in the formula, R1, R2 are 
H, CH3, C2H5 or CH2C6H5, X- is an anionic group 
and n is 30 to 200). More preferably, the triazoles 
are 3-aminotriazole; the polyethylene imine is of 300 
to 10,000 in molecular weight. The polyamine 
sulfone is of hydrogen in R1 and R2.; The washing 
liquid composition not having the corrosion 
resistance to the metals and more particularly the 
tungsten may be provided by mixing this preventive 
agent with the washing liquid. 
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Claims 

1 . A corrosion inhibitor for metals containing one or more compounds 
selected from the group consisting of triazoles containing at least 
one amino- or thiol group in a molecule, polyethyleneimine and 
polyaminesulf one represented by the formula I: 



H2C X /CH 2 



(I) 



wherein Ri and R 2 independently represent hydrogen, CH 3 , C 2 H 5 or CH 2 C 6 H5, 
X - is an anionic group and n is 30 to 200. 

Detailed description of the invention 



Prior art 

[0005] For the removal of particles on the surface of a wafer, alkaline 
water solutions such as ammonium hydroxide are used, and for the 
removal of metallic impurities, acidic solutions are used. These 
are frequently used in a form of a mixture with hydrogen peroxide 
for enhancing the washing effect. 

Method for solving the problem 

[0019] Meanwhile, as acidic solutions, water solutions of organic 
acids such as oxalic acid, citric acid, malonic acid, malic acid, 
fumaric acid and maleic acid may be used, and of the above, . . . 
oxalic acid and citric acid are particularly preferable. ... 
[0020] the present corrosion inhibitor is particularly 

effective for a washing solution containing hydrogen peroxide. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention about the cleaning method using the penetrant remover constituent and this 
containrng a metaled corrosion inhibitor and this, It is related with the penetrant remover constituent which can 
provrde the optimal penetrant remover for washing of the semiconductor device manufacturing process which does 
[0°002] Ve C ° rr0SIVeneSS t0 tungsten or a tungsten alloy, but therefore has tungsten series wiring especially. 

[Description of the Prior Art]ln recent years, development of various materials for high integration of a 
semiconductor device, highly-efficient-izing, and multilayering of wiring is carried out. Especially, in order that 
refractory metals, such as tungsten, may form the multilevel interconnection which compensated the mechanical 
strength of aluminum and was stabilized in multilayering of wiring, laminating as a cap metal on main wiring films 
such as aluminum or its alloy film, is often performed. 

[0003]Furthermore, tungsten is excellent in the embedding performance to a contact hole by chemical vapor 
deposition. 

the contact which connects upper wiring and lower layer wiring taking advantage of this — public funds — it is 
often used as a group. 

[0004]The contact formation art by the damascene process using the chemical mechanical polishing method (it 
abbreviates to chemical mechanical polishing and following CMP) using a special abradant and the pad for polish is 
developed in recent years, and it is being introduced into a mass production line. However, in formation of the cap 
metal to the wiring film top of the aluminum system described previously. In [ in order to pass through a lithography 
step and a dry etching process, many particles, such as a resist residue and metal, adhere to a wafer surface or a 
rear face, and ] a CMP process, Since many metal impurities etc. which are contained in the grinding waste by which 
it is generated by polishing material particles after grinding, or polish, abrasive soap, a polishing pad, etc. adhere to a 
wafer surface or a rear face, it is necessary to remove these by washing a wafer. 

[0005]In order to remove an alkaline solution like [ in order to remove the particles of a wafer surface generally ] 
ammonium hydroxide, and a metal impurity, an acidic solution is used, but in order to heighten a cleaning effect 
more, they are used by these in many cases, mixing with hydrogen peroxide. 

[0006]However, also in metal, to oxidizing drug solutions, such as hydrogen peroxide, tungsten is weak and is 
corroded easily. Therefore, when the wafer surface which tungsten wiring has exposed with the penetrant remover 
containing an oxidizing drug solution is washed, the problem that the tungsten surface after washing corrodes by 
corrosion occurs. 

[0007]Since the circuit pattern of a semiconductor device is very detailed, it has had the adverse effect on the 
performance of a device — even if a total corrosion amount is stopped with corrosion inhibitor, pitting arises, or it is 
ruined. 
[0008] 

tProblem(s) to be Solved by the Invention]The purpose of this invention does not have corrosiveness to tungsten or 
a tungsten alloy in metal, Therefore, it is in providing the cleaning method using the penetrant remover constituent 
and this penetrant remover constituent containing corrosion inhibitor of the metal which can provide the optimal 
penetrant remover for washing, such as a semiconductor device which has tungsten metal wiring, and this corrosion 
inhibitor. 
[0009] 

[Means for Solving the Problem]That is, the 1st invention relates to corrosion inhibitor of metal containing one or 
more sorts of compounds chosen from a polyamine sulfone shown by the triazoles which contain at least one amino 
[001 0]° r * er ° UP ln intramolecular ' Po'yethyleneimine, and following ** 2 among this inventions. 
[Formula 2] 



HC-C^— CH 2 -S02 



H2C /CH2 
Ri R 2 



[0011]R 1 and R 2 show hydrogen, CH 3 , C 2 H 5 , or CH 2 C 6 H 5 independently among a formula, respectively. X- shows an 
anionic group and n is 30-200. 

[0012]Corrosion inhibitor of the metal of this invention comprises one or more sorts of compounds chosen from the 
polyamine sulfone shown by the triazoles, the polyethyleneimine, and the above-izing 2 which contain at least one 
amino group or a thiol group in intramolecular. As desirable triazoles, 3-aminotriazole can be mentioned among these 
especially As a compound whose molecular weight is especially preferred as polyethyleneimine in the polyamine 
sulfone which can mention what is 300-10,000 and is shown by ** 2, R-j and R 2 can mention the polyamine sulfone 
which is hydrogen. These corrosion inhibitor may be used alone or may be used as a mixture. Although corrosion 
inhibitor of this invention prevents metaled corrosion, it can acquire the big corrosion prevention effect to tungsten 
or a tungsten alloy especially. . . . 

[0013]As an anionic group, halogen ion, a sulfuric acid hydrogen ion, hydroxyl ion, thiocyanic acid ion, isothiocyanic 
acid ion, and alkyhsulfuric-acid ion are preferred. 

[0014]The 2nd invention relates to a penetrant remover constituent containing the above-mentioned corrosion 
inhibitor among this inventions. In this invention, a penetrant remover which does not contain corrosion inhibitor is 
only described as a "penetrant remover", a penetrant remover containing corrosion inhibitor is described as a 
"penetrant remover constituent", and both are distinguished. 

[0015]Corrosion inhibitor of this invention can provide a penetrant remover constituent which does not have 
corrosiveness to metal, especially tungsten by mixing with a penetrant remover. As a penetrant remover a 
penetrant remover for semiconductor devices used from the former can be mentioned here. In washing of a 
semiconductor device which tungsten exposed, the penetrant remover constituent containing corrosion inhibitor of 
this invention can fully demonstrate the corrosion prevention effect of tungsten. 

[0016]As a penetrant remover, both an alkaline solution a neutral solution and an acidic solution can be used. 
[0017]As an alkaline solution, there is no restriction in particular and solution of solution of inorganic compounds, 
such as sodium hydroxide, a potassium hydrate, and ammonium hydroxide, tetramethylammon.um hydroxide, or an 
organic compound called Kolin can be used. Especially a compound that does not contain metal salt, such as 
ammonium hydroxide and tetramethylammonium hydroxide which removed particles and a metal impurity as an 
object for semiconductor devices, and were refined especially, and Kolin, is preferred. These alkali solutions can also 
be used alone and can also be used as a mixture. 

[0018]Generally as a neutral solution, water is used. Water is the pure water removed in particles and a metal 
impurity, and is used together with an oxidizer described below. 

[0019]On the other hand, although solution of organic acid, such as solution of inorganic acid, such as chloride, 
fluoric acid sulfuric acid, and nitric acid, oxalic acid, citrate, malonic acid, malic acid, fumaric acid, maleic acid, can 
be used as an acidic solution, Chloride which removed particles and a metal impurity as an object for semiconductor 
devices, and was refined especially, fluoric acid, sulfuric acid, oxalic acid, and especially citrate are preferred. These 
acidic solutions can also be used alone and can also be used as a mixture. 

[0020]Generally, these alkaline solutions, an acidic solution, and pure water are used also in an oxidizer in many 
cases mixing with hydrogen peroxide, in order to heighten a cleaning effect of a penetrant remover. However, since 
corrosion will advance remarkably if an alkaline penetrant remover or acidic washing hquild containing hydrogen 
peroxide from the former washes also in metal in the case of tungsten or a tungsten alloy, corrosion inhibitor of this 
invention is [ as opposed to / especially / a penetrant remover containing hydrogen peroxide J effective. 
[0021]As concentration in a penetrant remover, as for quantity of corrosion inhibitor mixed with a penetrant 
remover, 0.0001 to 10 % of the weight is preferred, and its further 0.001 to 5 % of the weight is preferred, since it 
may have an adverse effect of being unable to acquire sufficient corrosion prevention effect if this concentration is 
too low, the amount of adsorption on the surface of a semiconductor device of corrosion inhibitor increasing on the 
other hand if this concentration is too high, and degrading performance of a device, it is not desirable. As 
concentration in a penetrant remover, as for quantity of hydrogen peroxide mixed with a penetrant remover, 0.0001 
to 20 % of the weight is preferred, and its further 0.1 to 1 0 % of the weight is preferred. 

[0022]What is necessary is just to mix a penetrant remover, corrosion inhibitor of this invention, and hydrogen 
peroxide solution directly, in order to obtain a penetrant remover constituent which has the corrosion prevention 
effect. This corrosion inhibitor may be beforehand mixed with hydrogen peroxide solution or water, and this mixed 
liquor may be mixed with a penetrant remover. 

[0023]The metallic wiring of a semiconductor device can still also mix and use corrosion inhibitor which may use 
together aluminum, copper besides in a case of using it with a tungsten independent, etc., and has a corrosion 
prevention function of aluminum or copper. 

[0024]Among this inventions, the 3rd invention is said penetrant remover constituent, and relates to a method of 
washing a semiconductor device which has metallic wiring. 

[0025]Restriction in particular does not have a method of washing a wafer using a penetrant remover constituent of 
this invention, and the usual cleaning method can be used for it. A brush washing method washed with a brush while 
blowing upon a wafer surface a soak cleaning method by a wafer being directly immersed in this penetrant remover, 
a method which used ultrasonic irradiation together by a soak cleaning method, and this penetrant remover, a 
method of using brush washing and ultrasonic irradiation together, etc. can be used. When washing, this penetrant 
remover can also be heated. 
[0026] 



[Embodiment of the Invention]Although an example explains this invention still in detail, this invention is not limited 
to these examples. 

[0027]the specimen of the silicon wafer which formed 10000 A of tungsten films by chemical vapor deposition as a 
valuation method of the corrosion prevention effect in an example and a comparative example was immersed for 30 
minutes into the penetrant remover constituent and the penetrant remover, and the dissolution rate was computed 
from the amount of thickness changes of W film before and behind immersion. Here, the method of carrying out 
thickness conversion from the value of sheet resistance values was used for measurement of thickness using the 
sheet resistance measuring device made from NAPUSON. The surface before and behind immersion was observed 
with the electron microscope, and the state on the surface of a tungsten film was observed. 
[0028]The solution containing hydrogen peroxide of Examples 1-12 and 1 to 45 % of the weight of comparative 
examples was used as the penetrant remover, specified quantity addition of the corrosion inhibitor of this invention 
indicated to Table 1 was carried out, and it was considered as the penetrant remover constituent of this invention. 
As a comparative example, the cleaning composition which added corrosion inhibitor other than the penetrant 
remover which does not add corrosion inhibitor, and this invention was used. A result is shown in Table 1. It was 
checked that corrosion inhibitor of this invention is very more effective in tungsten corrosion prevention to a 
hydrogen peroxide independent solution than to Table 1. 
[0029] 
[Table 1] 
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[0030]The alkaline aqueous solution containing ammonia of Examples 13-24 and 5 to 81 % of the weight of 
comparative examples and 5% of the weight of hydrogen peroxide was used as the penetrant remover, specified 
quantity addition of the corrosion inhibitor of this invention indicated to Table 2 was carried out, and it was 
considered as the penetrant remover constituent of this invention. As a comparative example, the cleaning 
composition which added corrosion inhibitor other than the penetrant remover which does not add corrosion 
inhibitor, or this invention was used. A result is shown in Table 2. It was checked that corrosion inhibitor of this 
invention is very more effective in tungsten corrosion prevention to the penetrant remover constituent which 
comprises ammonia and hydrogen peroxide mixed liquor than to Table 2. 
[0031] 
[Table 2] 
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[0032]The solution containing nine to Examples 25-32 and comparative example 1 1 ammonia, TMAH 
(tetramethylammonium hydroxide), and the quantity shown in Table 3 about hydrogen peroxide was used as the 
penetrant remover, specified quantity addition of the corrosion inhibitor of this invention indicated to Table 3 was 
carried out and it was considered as the penetrant remover constituent of this invention. As a comparative 
example, what does not add corrosion inhibitor was used as a penetrant remover. A result is shown in Table 3. It 
was checked that corrosion inhibitor of this invention is very more effective in tungsten corrosion prevention to the 
penetrant remover constituent which consists of a mixed water solution of an ammonia solution independent 
ammonia, or TMAH (tetramethylammonium hydroxide) and hydrogen peroxide than to Table 3. 
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[0034] 

[Effect of the Invention]As mentioned above, corrosion inhibitor of the metal by the 1st this invention, The corrosion 
of metal especially tungsten, or a tungsten alloy is prevented including one or more sorts of compounds chosen from 
the polyamine sulfone shown by the triazoles, the polyethyleneimine, and ** 1 which contain at least one amino 
group or a thiol group in intramolecular. 

[0035]According to the 2nd this invention, when it is added by the penetrant remover suitable for the metal which 
corrosion inhibitor of said metal should wash and metal is washed, an impurity is removed and the corrosion of basic 
metal, especially pitching are prevented. 

[0036]Since the metallic wiring in a semiconductor device, especially tungsten wiring are washed by said penetrant 
remover constituent according to the 3rd this invention, an impurity is removed, roughness does not arise on the 
surface of metallic wiring, or pitching does not arise. 



[Translation done.] 
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